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(54) DISPLAY SYSTEM AND SYSTEM CHIP

(57) A display system (200, 300, 400) includes a
display (210), a plurality of first sensor devices (220_1,
220_2, 220_3, 220_4), and a system chip (230). The first
sensor devices (220_1, 220_2, 220_3, 220_4) are con-
figured toprovideaplurality of detection signals (S1).The
system chip (230) is electrically connected to the display
(210) and the first sensor devices (220_1, 220_2, 220_3,
220_4). The system chip (230) includes an image pro-
cessor circuit (232), a central processor circuit (234), and

a timing controller circuit (236). The image processor
circuit (232) is configured toanalyze thedetection signals
(S1). The central processor circuit (234) is configured to
generate an integrated command (S2) according to the
analyzed plurality of detection signals (S1). The timing
controller circuit (236) is configured to drive the display
(210) to display an image according to the integrated
command (S2).
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Description

BACKGROUND

Technical Field

[0001] The invention relates to a display system and a
system chip, and in particular, relates to a display system
and a system chip of a transportation apparatus.

Description of Related Art

[0002] Avehiclemay includeadisplay andaplurality of
sensor devices tomonitor andanalyzewhether the driver
or the passenger has violated the regulations and then
provide safety warnings. However, in the related art, the
sensor device module and the display module are inde-
pendently designed. For car manufacturers, all images
must be analyzed at the head end, so a large data
transmission bandwidth is required.

SUMMARY

[0003] The invention provides a display system includ-
ing a display, a plurality of first sensor devices, and a
system chip. The first sensor devices are configured to
provideaplurality of detection signals. Thesystemchip is
electrically connected to the display and the first sensor
devices. The system chip includes an image processor
circuit, a central processor circuit, and a timing controller
circuit. The image processor circuit is electrically con-
nected to the first sensor devices. The image processor
circuit is configured to analyze the detection signals. The
central processor circuit is electrically connected to the
image processor circuit. The central processor circuit is
configured to generate an integrated command accord-
ing to the analyzed plurality of detection signals. The
timing controller circuit is electrically connected to the
central processor circuit. The timing controller circuit is
configured to drive the display to display an image ac-
cording to the integrated command.
[0004] The invention further provides a system chip.
The system chip is suitable for a display system. The
display system includes a display and a plurality of first
sensor devices. The first sensor devices are configured
toprovideaplurality of detectionsignals.Thesystemchip
includes an image processor circuit, a central processor
circuit, and a timing controller circuit. The image proces-
sor circuit is electrically connected to the first sensor
devices. The image processor circuit is configured to
analyze the detection signals. The central processor
circuit is electrically connected to the image processor
circuit. The central processor circuit is configured to
generate an integrated command according to the ana-
lyzed plurality of detection signals. The timing controller
circuit is electrically connected to the central processor
circuit. The timing controller circuit is configured to drive
the display to display an image according to the inte-

grated command.
[0005] Tomake the aforementionedmore comprehen-
sible, several embodiments accompanied with drawings
are described in detail as follows.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] The accompanying drawings are included to
provide a further understanding of the invention, and
are incorporated in and constitute a part of this specifica-
tion. The drawings illustrate exemplary embodiments of
the invention and, together with the description, serve to
explain the principles of the invention.

FIG. 1 is a schematic block diagram illustrating a
transportation apparatus according to an embodi-
ment of the invention.
FIG. 2 is a schematic block diagram illustrating a
display system of FIG. 1 according to an embodi-
ment.
FIG. 3 is a schematic block diagram illustrating a
display system according to an embodiment of the
invention.
FIG. 4 is a flow chart illustrating amethod for operat-
ing the display system of FIG. 3 according to an
embodiment.
FIG. 5 is a schematic block diagram illustrating a
display system according to another embodiment of
the invention.
FIG. 6 is a flow chart illustrating amethod for operat-
ing the display system of FIG. 5 according to an
embodiment.

DESCRIPTION OF THE EMBODIMENTS

[0007] The accompanying drawings are included to-
gether with the detailed description provided below to
provide a further understanding of the invention. Note
that in order to make the accompanying drawings to be
more comprehensible to readers and for the sake of
clarity of the accompanying drawings, only part of the
electronic device is depicted in the accompanying draw-
ings of the invention, and specific devices in the drawings
are not depicted according to actual scales. Moreover,
the quantity and the size of each device in the drawings
are only schematic and exemplary and are not intended
to limit the scope of protection provided in the invention.
[0008] In the following specification and claims, the
words "containing" and "including" are open-ended
words and therefore should be interpreted as "containing
but not limited to...".
[0009] It should be understood that although the terms
"first", "second", "third"... may be used to describe var-
ious constituent devices, the constituent devices are not
limited to these terms. These terms are only used to
distinguish a single constituent device from other con-
stituent devices in the specification. The same termsmay
not be used in the claims, and the devices in the claims
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may be replaced with first, second, third... according to
the order declared by the devices in the claims. There-
fore, in the following description, the first constituent
device may be the second constituent device in the
claims.
[0010] In some embodiments of the invention, regard-
ing thewords suchas "connected", "interconnected", etc.
referring to bonding and connection, unless specifically
defined, these words mean that two structures are in
direct contact or two structures are not in direct contact,
and other structures are provided to be disposed be-
tween the two structures. The word for joining and con-
necting may also include the case where both structures
are movable or both structures are fixed. In addition, the
word "coupled" may include to any direct or indirect
electrical connection means. In the case of direct elec-
trical connection, the terminals of the devices on the two
circuits are directly connectedor connected to eachother
by a conductor line segment. In the case of indirect
electrical connection, a switch, diode, capacitor, inductor,
resistor, other suitable devices, or a combination of the
above components is provided between the terminals of
the devices on the two circuits, but the invention is not
limited thereto.
[0011] The electronic apparatus of the invention may
include but not limited to a display device, an antenna
device, a sensing device, a light emitting device, or a
stitched device. The electronic apparatus may be a
bendable or flexible electronic apparatus. The electronic
apparatusmay include an electronic device. The electro-
nic apparatus includes, for example, a liquid crystal layer
or a light emitting diode (LED). The electronic devicemay
include but not limited to a passive device and an active
device, such as a capacitor, a resistor, an inductor, a
variable capacitor, a filter, adiode, a transistor, a sensor, a
microelectromechanical system (MEMS) device, a liquid
crystal chip, a controller, etc. The diode may include a
LED or a photodiode. The LED may include but not
limited to an organic LED (OLED), a mini LED, a micro
LED, or a quantum dot LED, fluorescence, phosphor, or
other suitable materials or a combination of the fore-
going. The sensor may include but not limited to a capa-
citive sensor, an optical sensor, an electromagnetic sen-
sor, a fingerprint sensor (FPS), a touch sensor, an an-
tenna, or a pen sensor, etc. The controller may include
but not limited to a timing controller, etc. In the following, a
display device will be used as an electronic device to
illustrate the invention, but the invention is not limited
thereto.
[0012] Descriptions of the invention are given with
reference to the exemplary embodiments illustrated by
the accompanying drawings. Wherever possible, the
same reference numbers are used in the drawings and
the description to refer to the same or like parts.
[0013] FIG.1 isaschematicblockdiagram illustratinga
transportation apparatus according to an embodiment of
the invention. With reference to FIG. 1, a transportation
apparatus100 includesaheadend110.Adisplay system

200 is used in the transportation apparatus 100. The
display system 200 is electrically connected to the head
end 110 through a connecting line (bus line) 120. The
transportation apparatus 100 is a vehicle that can carry
people, includinga car, anairplane, or a ship. Takinga car
as an example, the connecting line 120 is, for example, a
vehicle bus line of a controller area network (CAN).
[0014] FIG.2 isaschematicblockdiagram illustratinga
display system of FIG. 1 according to an embodiment.
With reference to FIG. 2, the display system200 includes
a display 210, a plurality of first sensor devices 220_1,
220_2, 220_3, and 220_4, and a system chip 230.
[0015] Thedisplay 210 includes a liquid crystal display,
a light emitting diode display, or an organic light emitting
diode display. The first sensor devices 220_1, 220_2,
220_3, and 220_4 are configured to provide a plurality of
detection signals S1 to the system chip 230. The first
sensor devices 220_1, 220_2, 220_3, and 220_4 are
sensor devices of the same type, such as infrared sen-
sors or charge coupled devices (CCDs). Thenumber and
typeof thefirst sensor devicesarenot intended to limit the
invention.
[0016] The systemchip 230 is electrically connected to
the display 210 and the first sensor devices 220_1,
220_2, 220_3, and 220_4. A first transmission interface
IF1 includes, for example, a mobile industry processor
interface (MIPI), an Ethernet interface, or a wireless
network communication technology (Wireless Fidelity,
Wi-Fi) interface. The system chip 230 is electrically con-
nected to the head end 110 through a second transmis-
sion interface IF2. The second transmission interface IF2
includes, for example, a CAN interface.
[0017] The system chip 230 includes an image pro-
cessor circuit 232, a central processor circuit 234, and a
timing controller circuit 236. The image processor circuit
232 is electrically connected to the first sensor devices
220_1, 220_2, 220_3, and 220_4 through the first trans-
mission interface IF1. The central processor circuit 234 is
electrically connected to the image processor circuit 232.
Thecentral processor circuit 234 iselectrically connected
to the head end 110 through the second transmission
interface IF2. The timing controller circuit 236 is electri-
cally connected to the central processor circuit 234. The
image processor circuit 232 is configured to analyze the
detection signals S1 provided by the first sensor devices
220_1, 220_2, 220_3, and 220_4 and output the ana-
lyzed detection signals S1 to the central processor circuit
234. The central processor circuit 214 is configured to
generate an integrated command S2 according to the
analyzed detection signals S1 and provide the integrated
command S2 to the timing controller circuit 236. The
integrated command S2 includes image content to be
displayed on the display 210 and optimized by the image
processor circuit 232. The timing controller circuit 236 is
configured to drive the display 210 to display an image
according to the integrated command S2.
[0018] The integrated command S2 is provided to both
the timing controller circuit 236 and the headend110. For
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instance, the central processor circuit 234 outputs the
integrated command S2 to the head end 110 through the
second transmission interface IF2. The head end 110
may control the transportation apparatus 100 to perform
a corresponding action according to the integrated com-
mand S2.
[0019] In this embodiment, the image processor circuit
232, the central processor circuit 234, and the timing
controller circuit 236 may include a controller or a pro-
cessor, which are circuit devices with computing capabil-
ities. Alternatively, the controller or the processor in-
cluded by the processor circuits may be designed
through hardware description language (HDL) or any
other digital circuit design well known to a person having
ordinary skill in the art andmay be a hardware circuit that
may be implemented through a field programmable gate
array (FPGA), a complex programmable logic device
(CPLD), or an application-specific integrated circuit
(ASIC). The image processor circuit 232 may also be
an image processing module implemented as a plurality
of programcodes.Theseprogramcodesarestored in the
memory and executed by circuit devices with computing
capabilities to perform corresponding image processing
operations. In the invention, the implementation of each
circuit module in the system chip 230 is not limited to
software or hardware.
[0020] FIG.3 isaschematicblockdiagram illustratinga
display system according to an embodiment of the in-
vention. With reference to FIG. 3, a display system 300
further includesa thirdsensordevice250,and thesystem
chip 230 further includes a local dimming circuit 238. The
display 210 includes a display panel 212 and a light
source module 214. The third sensor device 250 is elec-
trically connected to the system chip 230. The local
dimming circuit 238 is electrically connected to the cen-
tral processor circuit 234.
[0021] To be specific, the third sensor device 250 is
electrically connected to the central processor circuit 234
through a third transmission interface IF3. The third
transmission interface IF3 is, for example, an inter-inte-
grated circuit (I2C) interface. The third sensor device 250
is, for example, an ambient light sensor for providing an
ambient light signal S3. The number and type of the third
sensor device are not intended to limit the invention.
[0022] Theheadend110generates a first imagesignal
S4 according to the integrated command S2. The first
image signal S4 is provided to the central processor
circuit 234 through the second transmission interface
IF2. For instance, when the head end 110 intends to
provide a safety warning through the display 210, the
first image signal S4 may be provided to the central
processor circuit 234. The central processor circuit 234
then drives the timing controller circuit 236 and the local
dimmingcircuit 238according to the first imagesignalS4.
The timing controller circuit 236 provides a second image
signal S5 to the display panel 212 to drive the display
panel 212 to display an image frame. The image frame
includes the safety warning. The local dimming circuit

238 provides a third image signal S6 to the light source
module 214 to control the light source module 214 to
perform a local dimming function.
[0023] FIG. 4 is a flow chart illustrating a method for
operating the display system of FIG. 3 according to an
embodiment. With reference to FIG. 3 and FIG. 4, taking
a vehicle as an example, the display system 300 in the
embodiment of FIG. 3 is, for example, an electronic
apparatus applied in a vehicle cockpit system. Therefore,
the display system 300 includes a vehicle display, which
can receive a data signal and an image signal from a
device such as a vehiclemachine or an electronic control
unit (ECU) to display dashboard information and image
information respectively. However, in the invention, it is
not limited to receiving signals from the vehicle machine
and the electronic control unit.
[0024] The first sensor devices 220_1, 220_2, and
220_3 are arranged in the front seat of the vehicle, for
example, and the first sensor device 220_4 is arranged in
the back seat of the vehicle, for example. The image
processor circuit 232may select the detection signals S1
for analysis according to the actual conditions in the
vehicle. For instance, the first sensor devices 220_1,
220_2,220_3, and 220_4may perform preliminary scan-
ning first. If the central processor circuit 234 determines
that there is no one in the back seat, the image processor
circuit 232 may select the detection signals S1 of the
threefirst sensor devices220_1, 220_2, and220_3 in the
front seat for analysis. That is, the imageprocessor circuit
232 analyzes the detection signals S 1 provided by the
first sensor devices 220_1, 220_2, and 220_3 in the front
seat but does not analyze the detection signal S 1 pro-
vided by the first sensor device 220_4 in the back seat.
Further, the central processor circuit 234 may also de-
terminewhether there is someone in the back seat based
on whether the door of the back seat has been opened
first or the time it has been opened. In another embodi-
ment, the selection of the first sensor devices 220_1,
220_2, 220_3, and 220_4 may also be determined by a
driver through a vehicle interface. The vehicle interface
includes a mobile phone application or a vehicle control
panel.
[0025] Therefore, in step S100, the image processor
circuit 232 selects, for example, the detection signals S1
provided by the first sensor devices 220_1, 220_2, and
220_3 for analysis. Next, in step S110, the image pro-
cessor circuit 232 analyzes the detection signals S1
provided by the first sensor devices 220_1, 220_2, and
220_3, for example, analyzes the image content of the
detection signalsS1 to determine in real timewhether the
driver or the passenger has violated the regulations. The
image processor circuit 232 may also perform conven-
tional image processing operations on the image content
of the detection signals S1, such as optimizing image
characteristics such as image resolution and image
brightness, to improve the image display quality of the
display 210. The image processor circuit 232 provides an
image processing result (i.e., the analyzed detection
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signals S) to the central processor circuit 234.
[0026] In step S120, the central processor circuit 214
generates the integrated command S2 according to the
analyzeddetection signalsS1andprovide the integrated
command S2 to the head end 110. For instance, the
central processor circuit 234 may provide a flag related
to a driving behavior detection system (driver monitoring
system,DMS) to the headend110 to inform the headend
110 whether the driver or the passenger has violated the
regulations, and the head end 110 may issue a safety
warning. In other words, the central processor circuit 234
does not need to provide a large amount of image data to
the head end 110, and the head end 110 does not need to
perform image processing operations. According to the
integrated command S2 (including the DMS flag) pro-
vided by the central processor circuit 234, the head end
110 may learn whether the driver or the passenger has
violated the regulations, and thereby issue a safetywarn-
ing. In this way, a bandwidth of image data transmitted by
the central processor circuit 234 to the head end 110may
be significantly reduced. The violations include dozing
off, turning one’s head, being out of the seat, or taking
one’s hands off the steering wheel.
[0027] In addition, since the integrated command S2
includes the image processing result, the central proces-
sor circuit 234 also provides the integrated command S2
to the timing controller circuit 236 and the local dimming
circuit 238, so that the timing controller circuit 236 and the
local dimming circuit 238 may respectively perform the
image driving function and the local dimming function.
[0028] In step S130, the head end 110 issues a safety
warning according to the integrated command S2. The
safety warning information includes controlling the vehi-
cle to display a warning, automatic braking, a sound
warning, or exterior display. Alternatively, the safety
warning includes notifying a specific mobile phone that
the vehicle may be driving dangerously at this moment.
Alternatively, the safety warning includes a location that
informs the Global Positioning System (GPS) that an
incident has occurred.
[0029] In step S140, the third sensor device 250 may
detect the intensity of ambient light and provide the
ambient light signal S3 to the central processor circuit
234. The central processor circuit 234 adjusts brightness
of the display 210according to theambient light signal S3
or adjusts parameters of the first sensor devices 220_1,
220_2, 220_3, and 220_4 according to the ambient light
signal S3, so that the first sensor devices 220_1, 220_2,
220_3, and 220_4 may provide improved detection re-
sults.
[0030] FIG.5 isaschematicblockdiagram illustratinga
display system according to another embodiment of the
invention.With reference to FIG. 5, a display system 400
further includes a second sensor device 240. The second
sensor device 240 is electrically connected to the system
chip 230. To be specific, the second sensor device 240 is
electrically connected to the image processor circuit
through the first transmission interface IF1. The first

sensor devices220_1, 220_2, and220_3and thesecond
sensor device 240 are different types of sensor devices.
For instance, the first sensor devices 220_1, 220_2, and
220_3 are infrared sensors or CCDs, and the second
sensor device 240 is a structured light sensor. The num-
bers and types of the first sensor devices and the second
sensor device are not intended to limit the invention.
[0031] FIG. 6 is a flow chart illustrating a method for
operating the display system of FIG. 5 according to an
embodiment. With reference to FIG. 5 and FIG. 6, in this
embodiment, the image processor circuit 232 selects
data provided by the second sensor device 240 for ana-
lysis first (step S200) and then selects data provided by
the first sensor devices 220_1, 220_2, and 220_3 for
analysis (step S100). In step S200, the image processor
circuit 232 analyzes the detection signal S 1 provided by
the second sensor device 240 for analysis to perform
facial recognition on the driver.
[0032] In step S210, if the central processor circuit 234
determines that the driver fails to pass facial recognition,
the flow of the method will proceed to step S220. In step
S220, the head end 110 may notify the vehicle owner
through amobile phone that the vehicle may be stolen or
notify the vehicle owner of the current location of the
vehicle through the Global Positioning System (GPS).
In step S210, if the central processor circuit 234 deter-
mines that the driver passes facial recognition, the flowof
the method will proceed to step S230. In step S230, the
head end 110 may allow the driver to start the vehicle.
[0033] In step S240, the central processor circuit 234
adjusts the brightness of the display 210 according to the
ambient light signal S3 or adjusts parameters of the first
sensor devices220_1, 220_2, and220_3and thesecond
sensor device 240, so that the first sensor devices220_1,
220_2, and 220_3 and the second sensor device 240
may provide improved detection results. In step S210, if
the central processor circuit 234 determines that the
driver fails to pass facial recognition, the flow of the
method may also choose to proceed to step S240. In
step S240, the central processor circuit 234 adjusts the
parametersof thesecondsensordevice240according to
the ambient light signal S3 to perform facial recognition
on the driver again.
[0034] In view of the foregoing, in the embodiments of
the display, the sensor devices may be arranged in the
display, and the system chip is arranged on a mother-
board. The system chip integrates image processing
functions, display driver functions, and regional dimming
functions. The system chip can analyze images in real
time and notify the head end for processing in real time
whenviolationsare found, so that thebandwidth of image
transmission between the system chip and the head end
is reduced.

Claims

1. A display system (200, 300, 400), comprising:
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a display (210);
a plurality of first sensor devices (220_1, 220_2,
220_3, 220_4) configured to provide a plurality
of detection signals (S1); and
a system chip (230) electrically connected to the
display (210) and the plurality of first sensor
devices (220_1, 220_2, 220_3, 220_4), wherein
the system chip (230) comprises:

an image processor circuit (232) electrically
connected to the plurality of first sensor
devices (220_1, 220_2, 220_3, 220_4)
and configured to analyze the plurality of
detection signals (51) ;
a central processor circuit (234) electrically
connected to the image processor circuit
(232) and configured to generate an inte-
grated command (S2) according to the ana-
lyzed plurality of detection signals (S1); and
a timing controller circuit (236) electrically
connected to the central processor circuit
(234) and configured to drive the display
(210) to display an image according to the
integrated command (S2).

2. The display system (200, 300, 400) according to
claim 1, wherein the display system (200, 300,
400) is used in a transportation apparatus (100),
the transportation apparatus (100) comprises ahead
end (110), and the system chip (230) is electrically
connected to the head end (110) through a connect-
ing line (120).

3. The display system (200, 300, 400) according to
claim 2, wherein the integrated command (S2) is
provided to both the timing controller circuit (236)
and the head end (110), and the head end (110)
controls the transportation apparatus (100) to per-
form a corresponding action according to the inte-
grated command (S2).

4. The display system (200, 300, 400) according to
claim 2, wherein the integrated command (S2) is
provided to the head end (110), the head end
(110) generates a first image signal (S4) according
to the integrated command (S2), and the first image
signal (S4) is provided to the central processor circuit
(234).

5. The display system (200, 300, 400) according to
claim 4, wherein the system chip (230) further com-
prises a local dimming circuit (238) electrically con-
nected to the central processor circuit (234), the
display (210) comprises a display panel (212) and
a light source module (214), the timing controller
circuit (236) provides a second image signal (S5)
to the display panel (212), and the local dimming
circuit (238) provides a third image signal (S6) to the

light source module (214).

6. The display system (200, 300, 400) according to
claim 2, wherein the connecting line (120) is a bus
line.

7. The display system (200, 300, 400) according to
claim 1, wherein the display (210) comprises a liquid
crystal display, a light emitting diode display, or an
organic light emitting diode display.

8. The display system (200, 300, 400) according to
claim 1, further comprising a second sensor device
(240) electrically connected to the systemchip (230),
wherein the plurality of first sensor devices (220_1,
220_2, 220_3, 220_4) and the second sensor device
(240) are different types of sensor devices.

9. The display system (200, 300, 400) according to
claim 8, wherein the image processor circuit (232)
selects data provided by the second sensor device
(240) for analysis first and then selects data provided
by the plurality of first sensor devices (220_1, 220_2,
220_3, 220_4) for analysis.

10. The display system (200, 300, 400) according to
claim 8, further comprising a third sensor device
(250) electrically connected to the system chip
(230) and configured to provide an ambient light
signal (S3), wherein the central processor circuit
(234) adjusts brightness of the display (210) or para-
meters of the plurality of first sensor devices (220_1,
220_2, 220_3, 220_4) and the second sensor device
(240) based on the ambient light signal (S3).

11. A system chip (230) suitable for a display system
(200, 300, 400) comprising a display (210) and a
plurality of first sensor devices (220_1, 220_2,
220_3, 220_4) configured to provide a plurality of
detection signals (S1), the system chip (230) com-
prising:

an image processor circuit (232) electrically
connected to the plurality of first sensor devices
(220_1, 220_2, 220_3, 220_4) and configured
to analyze the plurality of detection signals (S1);
a central processor circuit (234) electrically con-
nected to the image processor circuit (232) and
configured to generate an integrated command
(S2) according to theanalyzedplurality of detec-
tion signals (S1); and
a timing controller circuit (236) electrically con-
nected to the central processor circuit (234) and
configured to drive the display (210) to display
an image according to the integrated command
(S2).

12. Thesystemchip (230)according toclaim11,wherein
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the display system (200, 300, 400) is used in a
transportation apparatus (100), the transportation
apparatus (100) comprises a head end (110), and
the system chip (230) is electrically connected to the
head end (110) through a connecting line (120).

13. The system chip (230) according to claim 12, where-
in the integrated command (S2) is provided to both
the timing controller circuit (236) and the head end
(110), and the head end (110) controls the transpor-
tation apparatus (100) to perform a corresponding
action according to the integrated command (S2).

14. The system chip (230) according to claim 12, where-
in the integrated command (S2) is provided to the
head end (110), the head end (110) generates a first
image signal (S4) according to the integrated com-
mand (S2), and the first imagesignal (S4) is provided
to the central processor circuit (234).

15. The system chip (230) according to claim 14, where-
in the system chip (230) further comprises a local
dimming circuit (238) electrically connected to the
central processor circuit (234), the display (210)
comprises a display panel (212) and a light source
module (214), the timing controller circuit (236) pro-
videsa second imagesignal (S5) to thedisplay panel
(212), and the local dimming circuit (238) provides a
third image signal (S6) to the light source module
(214).
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